The effect of scalding and chilling procedures was evaluated on carcass and breast meat weight and yield in broilers. On 4 separate weeks (trials), broilers were subjected to feed withdrawal, weighed, and then stunned and bled in 4 sequential batches (n = 16 broilers/batch, 64 broilers/trial). In addition, breast skin was collected before scalding, after scalding, and after defeathering for proximate analysis. Each batch of 16 carcasses was subjected to either hard (60.0°C for 1.5 min) or soft (52.8°C for 3 min) immersion scalding. Following defeathering and evisceration, 8 carcasses/ batch were air-chilled (0.5°C, 120 min, 86% RH) and 8 carcasses/batch were immersion water-chilled (water and ice 0.5°C, 40 min). Carcasses were reweighed individually following evisceration and following chilling. Breast meat was removed from the carcass and weighed within 4 h postmortem. There were significant (P < 0.05) differences among the trials for all weights and yields; however, postfeed withdrawal shackle weight and postscald-defeathered eviscerated weights did not differ between the scalding and chilling treatments.
INTRODUCTION
Following stunning and exsanguination, poultry carcasses are typically immersion scalded in hot water from 52 to 60°C (125-140°F) to aid in the release of feather quills from the feather follicles within the skin, which facilitates easy feather removal from the carcass during automated defeathering without tearing of the skin (Kaufman et al., 1972) . The scald temperature and time profile depends mainly on the desired final market carcass/part skin color, the age and weight of the broilers, kill-line speed, and the number and type of scald tanks. Hard-scald or full-scald systems typically use water temperatures from 60 to 66°C (140-150°F) and immersion time of 45 to 90 s and result in a near complete removal of the outermost epidermal or cuticle layer with the feathers during defeathering, resulting in yellow-skinned (primarily from dietary lutein and other xanthophyll carotenoids; Perez-Vendrell et al., 2001) carcasses becoming pale white (Heath and Thomas, 1974) . Hard scalding has been the most common scald-ing method in the US poultry industry and is desirable for products with retained skin that are to be batter coated (Suderman and Cunningham, 1980) . Least common subscald systems use water temperatures of 54 to 58°C (129-136°F) for 60 to 120 s or a slightly higher temperature of 60 to 63°C (140-145°F) for only 15 to 30 s. A soft scald, or semiscald uses the lowest water temperatures from 51 to 54°C (124-130°F) and the longest immersion times for 120 to 210 s, which results in optimum retention of the cuticle for yellowskinned marketed carcasses and parts (Pool et al., 1954; Heath and Thomas 1974; Suderman and Cunningham, 1980; McKee et al., 2008; Jeong et al., 2011) .
The temperatures listed above are applicable for scalders using air injection for water agitation during scalding. The agitation of the water within the scalding tank is needed to ruffle the feathers away from the skin, which enhances the heat transfer rate to the feather follicles, improving the scalding and defeathering efficacy (Cason et al., 2001) . The injection of air bubbles also lowers the water surface tension and density, causing the carcasses to sink and thereby providing more uniform heating of the carcass skin surface. Commercial scalding can occur in a single or multiple tanks in series (Cason et al., 1999) . The use of multiple tanks enables some energy efficiency with a lower temperature in the first tank, in addition to the potential for water microbial load reduction as the carcasses progress from the dirty to cleaner tanks counter to the water flow (Waldroup et al., 1993; Cason et al., 1999) . For comparison among scalding equipment and plant layouts, scalding duration is considered the cumulative time that carcasses are immersed for single or multiple tank (excluding the time between tanks) scalding.
An ideally operating poultry scalder prepares carcasses for defeathering as well as reduces the bacterial and debris load on the carcass skin. For scalding chickens, a minimum water temperature above 47°C (117°F) is recommended to control potential microbial growth within the scalder water. Hard-scalding temperatures have a greater effect on reducing levels of scald water bacteria compared with lower temperatures (Notermans and Kampelmacher, 1975; Cason et al., 1999) . The maximum temperature to limit growth of 34 representative strains of Salmonella in trypticase soy broth (in vitro) was reported to be 46.2°C (Elliott and Heiniger, 1965) . Therefore, scalding temperatures higher than 47°C (117°F) should be sufficient to prevent the potential proliferation of Salmonella in the scalding tanks during a processing shift.
However, overscalding at excessively high temperatures should be avoided to prevent the partial cooking of the surface of breast muscles, which results in white streaking and meat toughening (Shannon et al., 1957; Wise and Stadelman, 1961) . Hotter or longer scalding may be better for defeathering and Salmonella control, but overscalding increases the toughness of cooked chicken and turkey breast meat (Koonz et al., 1954; Pool et al., 1954; Shannon et al., 1957; Klose et al., 1959) . A too-high scald temperature also claims a potential carcass yield loss attributed to subcutaneous fat (lipid) liquefaction. Russell (2007) reported that lowering scalding temperature by 7°C in the first scald tank and 6°C in the second of 3 sequential scalder tanks [56-57-59°C (132-134-138°F) vs. 49-51-59°C (121-124-138°F)] improved chilled eviscerated carcass yield as a percentage of live BW by 1.04%. Recently, Nunes (2011) similarly claimed that a 0.5 to 1% loss of carcass weight can occur due to subcutaneous fat liquefaction at high scalding temperatures, but a recommended temperature reduction was not provided.
In a series of 4 trials, the effect of hard or soft scalding followed by either water or air chilling on carcass and breast meat weights and yields was evaluated in market-age broilers. In addition, breast skin was collected before scalding, after scalding, and after defeathering for proximate analysis.
MATERIALS AND METHODS

Broilers
On 4 separate weeks (trials), 2 d before processing, flocks of 5-to 7-wk-old broilers grown at the University of Georgia were individually weighed and within each flock broilers were selected within a 300-g range in BW. All broilers in trials 1, 2, and 4 were males, and for trial 3 all were female. Broilers were subjected to a 10-h feed withdrawal, with the initial 6 h on litter with access to water, then placed into plastic coops (Pakster, Athens, TN) for the final 4 h, and transported to the Russell Research Center pilot processing plant (Athens, GA).
Processing
Following transport, broilers were individually weighed (shackled carcass weight), leg banded, and placed on the shackle line in batches of 16 carcasses (3 batches hard-scalded followed by 3 batches soft-scalded for a total of 96 carcasses per day) in the pilot processing plant. The shackled broilers (6 inch/15.2 cm spacing) were electrically stunned (Simmons Engineering, SF-7000 Pre-Stunner, Dallas, GA) at 12 V DC 400 Hz for 10 s, then both carotid arteries and 1 jugular vein were auto-cut (SK-5 automatic knife, Simmons Engineering) followed by bleeding for 2 min. Carcasses were scalded in 3 sequential tanks (740 L/tank, Stork-Gamco, SGS-3CA, Gainesville, GA) set at either 60°C for 1.5 min immersion time (hard-scalded) or at 52.8°C for 3 min immersion time (soft-scalded).
All carcasses were defeathered (D-8 picker, Stork-Gamco) for 30 s, the necks of each carcass broken with a hand-held neck breaker (Jarvis, Model DNB-1, Middletown, CT) and removed, and the feet were removed at the hock joints. Carcasses were hand eviscerated, with the lungs and fat pad removed, and then reweighed to determine eviscerated carcass weight (without carcass rinsing or washing). To maintain uniformity, one individual was assigned to each of the following tasks for all carcasses processed on a sampling day: neck breaking, neck removal, hocks removal, and the opening cuts for evisceration. Carcasses were either air-chilled (0.5°C, 120 min, 86% RH, air speed 76.2 m/min; Zhuang et al., 2008 ; odd band numbered carcasses) by placement breast up on slotted metal shelves or immersion water-chilled in water and ice (air agitated, 79 L/carcass, 0.5°C, 40 min, even band numbered carcasses). Waterchilled carcasses were hung by one wing on an A-frame shackle rack for 5 min to drip after removal from the chiller tank. Carcasses were reweighed individually following chilling (chilled carcass weight) and placed individually into a 33.6 × 50.8 cm plastic bag (Cryovac, Duncan, SC) and held at 0.5°C until deboning. Carcass breast meat (skinless, combined left and right fillets, and tenders) was removed from the carcass and weighed within 4 h postmortem. Eviscerated carcass, chilled carcass, and breast meat yields were calculated as a percentage of postfeed withdrawal shackle weight obtained before shackling.
Skin Sampling for Proximate Analysis. In a subsequent trial, breast skin containing feather tracts (approximately 5 × 10 cm) was collected following bleeding, following scalding, or following automated defeathering from 6-wk-old male carcasses (n = 3) on 3 consecutive days for both hard-and soft-scalded carcasses. Feathers were plucked individually by hand from breast skin for carcasses sampled before scalding or after scalding. Samples were sent to a commercial laboratory (Food and Dairy Research Associates Inc., Commerce, GA) for grinding and proximate analysis (percentage moisture, crude lipid, CP, and ash).
Statistical Analysis. Weight and yield (as a percentage of shackled weight) data was summarized and means subjected to 2-way ANOVA with the GLM procedure of SAS (SAS version 9.1, SAS Institute Inc., Cary, NC) with scalding method (hard or soft) and chilling method (air or water) as main effects in addition to trial (1-4) and interactions (scald × chill × trial). From the total of 384 broilers processed, 192 were hard-scalded and 192 were soft-scalded, resulting in 192 that were air-chilled and 192 that were water-chilled. For all analyses, significance was determined at P < 0.05. Treatment means were separated using Tukey's studentized range test. Skin proximate analysis was subjected to one-way ANOVA and means separated using Tukey's studentized range test, sample size was n = 9 for each skin samples (prescald, after soft or hard scalding, and after automated defeathering for soft-or hard-scalded carcasses).
RESULTS AND DISCUSSION
Postfeed withdrawal shackle weight was 2,471, 2,923, 1,942, and 3,156 g for the 4 trials and did not dif-fer significantly (P > 0.05) for the broilers assigned to the scalding or chilling treatments within trials or when data was combined for all trials (Tables 1 and  2) . Although the ANOVA P-value for trial 4 shackle weight was 0.0331, the Tukey's test mean comparisons were not significantly different. Similarly, posteviscerated carcass weight was not significantly different (P > 0.05) within (P = 0.2872 to 0.9205) or across trials between the scalding treatments (P = 0.3284) or for those carcasses that were to be air-or water-chilled (P = 0.7935; Tables 1 and 2). Postchill carcass weights were consistently significantly greater (P < 0.05) for soft-scalded (1,979 g) than hard-scalded (1,950 g) carcasses and significantly greater for water-chilled (2,031 g) than for air-chilled (1,899 g) carcasses. Breast meat weight in trial 1 was significantly lower for hard-scalded air-chilled carcasses (400 g) than for hard-scalded water-chilled carcasses (432 g), and in trial 4 hard-scalded air-chilled carcasses had lower breast meat weights (561 g) than soft-scalded water-chilled carcasses (608 g; Table 1 ).
When eviscerated carcass weight was expressed as a percentage of shackled weight, a 1% higher value (range from 0.6 to 2% across trials) for soft-scalded carcasses (73.6%) was detected compared with hardscalded carcasses (72.6%; Table 2 ). Carcasses that were hard-scalded (60°C for 1.5 min) lost the vast majority of the surface cuticle during defeathering, whereas softscalded (52.8°C for 3 min) carcasses retained the yellow cuticle. Shim et al. (2012) recently reported similar hot carcass yield values from 73.5 to 74.5% for 49 d broiler strain crosses for carcasses that were scalded at an intermediate temperature of 54°C and for 120 s. Their broilers had live weighs ranging from 3.08 to 3.39 kg and were the same age and approximate weight (3.12 kg) as our broilers from trial 4 (3.26 kg; Table 1) .
During air chilling, all carcasses lost weight resulting in a postchill carcass yield of 73.0% for soft-scalded and 71.3% for hard-scalded carcasses, a difference of 1.7% (P < 0.05). During water chilling, all carcasses gained weight resulting in a postchill carcass yield of 78.2% for soft-scalded and 76.1% for hard-scalded carcasses, a difference of 2.1% (P < 0.05). These data are in general agreement with other publications, in which immersion water-chilled broiler carcasses gained 4 to 12% of the prechill carcass weight and air-chilled carcasses lost up to 3% of their prechill weight with greater differences with longer chilling times (Fromm and Monroe 1958; Klose et al., 1960; Bigbee and Dawson, 1963; Sanders, 1969; Thomson et al., 1975; Hale and Stadelman, 1973; Thomson et al., 1984; Bilgili et al., 1991; Mielnik et al., 1999; Skarovsky and Sams 1999; Young and Smith, 2004; Jeong et al., 2011; Perumalla et al., 2011) . Recently, Zhuang et al. (2008) reported that airchilled carcasses lost 2.4% of their weight after 150 min of chilling, whereas immersion water-chilled carcasses gained 4.6% of their weight after 50 min, resulting in a difference of 7% between chilling methods. This 7% Values across scalding and chilling treatments within a parameter with different superscript letters differ significantly (P < 0.05).
A,B
Values within scalding or chilling treatments within a parameter with different superscript letters differ significantly (P < 0.05). 1 Percentage yield calculated by dividing weight by shackled carcass weight.
2 Treatment trial mean ± SD, and CV%, n = 96. value reported by Zhuang et al. (2008) is very close to our value of 6.9% using the same research pilot processing facility.
Soft-scalding carcasses resulted in a 1% higher postscald-defeathered eviscerated carcass yield over that for hard-scalding carcasses, which persisted following chilling as a small but significant 0.7% higher breast meat yield from soft-scalded carcasses. This higher breast meat yield was present for both air-chilled (17.6%) and water-chilled (17.9%) soft-scalded carcasses compared with hard-scalded carcasses (16.8% for air-chilled and 17.3% for water-chilled; Table 2 ). Publications that evaluated breast meat yield as influenced by scalding treatments have not been located in the literature.
Neither air-nor water-chilling treatments significantly influenced breast meat weight (Table 2) . When breast meat yield is calculated on prechill eviscerated carcass weight, there is a consistent 6.5 to 6.6 percentage point increase over shackled weight indicating the minimal impact (0.1%) of chilling methods on breast meat yield. The absence of a difference in breast meat or fillet yield between air and immersion water-chilled carcasses is in agreement with previous reports (Perumalla et al., 2011; Demirok et al., 2013) . Unfortunately, Huezo et al. (2007) did not report fillet weight or yield.
Proximate analysis of breast skin sampled before scalding (feathers were hand plucked) revealed that the skin contained 52.5% moisture, 37.2% crude lipid, 10.8% CP, and 0.6% ash (Table 3 , as a percentage wet weight). Following soft scalding, breast skin samples contained 50.4% moisture, 37.8% crude lipid, 10.9% CP, and 0.6% ash. Breast skin from carcasses that were hard-scalded contained 49.5% moisture, 39% crude lipid, 9.2% CP, and 0.5% ash. Following soft scalding and automated defeathering, breast skin samples contained 51.7% moisture, 39.1% crude lipid, 9.6% CP, and 0.5% ash. Following hard scalding and automated defeathering, breast skin samples contained 48.6% moisture, 40.4% crude lipid, 9.1% CP, and 0.4% ash. There were no significant differences detected in moisture or lipid percentage among the sampling times or the scalding treatments (P > 0.05). Skin protein content was significantly higher (P < 0.05) for prescald and soft-scalded skin samples than for hard-scalded or soft-or hard-scalded skin samples after defeather-ing. Ash was lowest (0.4%) for skin from hard-scalded carcasses after defeathering. Most published references for chicken skin proximate analysis do not describe or differentiate the scalding or chilling protocols and are only reported following chilling, and many samples are frozen, then defrosted before analysis. The USDA-ARS (2012) value for raw chicken skin from broilers or fryers (nutrient data for 05015, chicken, broilers or fryers, skin only, raw; most likely hard-scalded and immersion water-chilled) is moisture 54.2%, total lipid 32.4%, and protein 13.3%. Suderman and Cunningham (1980) concluded that from 3 to 9 wk of age the composition of skin from broilers following scalding (60°C) and defeathering had decreasing moisture content, and increasing lipid content, whereas protein levels remained relatively constant. They also reported minimal influence after 24 h immersion in ice slush on protein or lipid content and an unexpected −1% lower moisture compared with skin collected before chilling. Our skin samples were all collected from a single flock of 6-wkold male broilers processed on 3 consecutive days. Goode and Cooper (1976) reported skin composition for frozen broiler skin obtained from a further processing plant with moisture content of 50.7%, crude lipid of 39.7%, and CP of 7.8%. Mirosh et al. (1980) measured skin moisture and lipid from 50-d broilers that were processed, carcasses placed into plastic bags for cooling overnight, and then frozen. For males the skin moisture for the sternal tract was 37.0 and 47.2% for the pectoral tract, a difference of 10.2%. The lipid content for the sternal feather tracts for male carcasses was 47.6 and 39.9% for the pectoral tract, a difference of 7.7%. Skin lipid content was 3.7 to 7.5% higher from female carcasses and moisture was 1.4 to 4.8% lower than male carcasses. These reported differences between male and female carcasses for skin composition emphasize the importance of using a single sex for yield and proximate analysis comparisons, as well as a well-defined skin sample area pertaining to feather tracts.
Although the sample size was small (n = 9), there is no indication from proximate analysis that skin associated lipid was liquefied and lost during scalding at either 60°C for 1.5 min (hard scalding) or at 52.8°C for 3 min (soft scalding) or after automated defeathering for 30 s. Therefore, the lower eviscerated carcass yield of 1% (approximately 25 g of the 2,623 g weight for a shackled broiler, Table 2 ) for hard-scalded carcasses is most likely due to removal of the cuticle layer from the skin surface of the carcass during defeathering and not due to skin lipid liquefaction and loss during scalding. The newly developed commercial alternative scalding equipment described as nonimmersion utilizing moisturized hot air blown onto each carcass (Marel Systems and Equipment, 2012) or the water jet stream without injection air for agitation (Meyn Food Processing Technology, 2013) differ dramatically from conventional immersion scalding with air-agitation equipment used in this report, and revaluation of carcass and breast meat yield and skin proximate analysis may also differ and should be evaluated when these systems are operational.
